Within a deka-keV energy range, the power-law electron beams interacting with the solar atmosphere also result in the power-law bremsstrahlung of hard X-rays. The energy spectrum of electrons can thus be deduced from the observed hard X-ray spectrum, and the total energy carried by accelerated electrons can then be estimated. For quite a long time, one has always assumed the lower energy cuto † of the (E c ) power-law electron beams to be around 20 keV, an assumption that constitutes a main ingredient of the so-called standard picture of a solar Ñare, since the nonthermal electrons are substantial in powering a solar Ñare. However, there is in fact no solid observational basis for keV. Here we present a E c \ 20 quantitative method to determine and its application to 14 BATSE/Compton Gamma Ray Observatory E c hard X-ray events. We Ðnd that varying from 47 to 141 keV in our samples, is on average 76.4 keV. E c , The total energy carried by nonthermal electrons is therefore shown to be at least 1 order of magnitude lower than that derived by taking keV. This energy shortage of nonthermal electrons in our E c \ 20 sample hard X-ray events conÑicts with the widely accepted scenario of a solar Ñare.
INTRODUCTION
Although a hard X-ray spectrum is often Ðtted with a single power law, sometimes two power laws may be more suitable to Ðt the data during the impulsive phase of a solar Ñare (e.g., Hoyng, Brown, & van Beek 1976 ; Lin & Schwartz 1987 ; Dennis 1988 ; Share & Murphy 2000) . Dulk, Kiplinger, & Winglee (1992) and Winglee et al. (1991) Ðtted a series of hard X-ray spectra observed with the hard X-ray burst spectrometer (HXRBS) on the Solar Maximum Mission (SMM) and showed that at the times of peak Ñux, the power-law spectra almost always present a brokendown form, i.e., the spectra at higher energies are steeper than those at lower energies. But during the decay phase of bursts, the spectra could evolve from the broken-down to the broken-up form. For a broken-up spectrum, both a superhot component (Lin et al. 1981 ) and more than one hard X-ray source acting simultaneously may provide an explanation. The broken-up spectra above 1 MeV in electron-dominated events (Rieger & 1990 ; Marschha user Rieger, Gan, & 1998) can be explained by the Marschha user variation of the bremsstrahlung cross sections (Park, Petrosian, & Schwartz 1997) . For a broken-down hard X-ray spectrum, there may be several explanations : the energy spectrum of electrons being also in a broken-down form, which may come from the DC Ðeld acceleration (e.g., Lin & Schwartz 1987 ; Dennis & Schwartz 1989 ; Benka & Holman 1994) ; Compton scattering of hard X-rays (Bai & Ramaty 1996 ; Bogovalov, Kotov, & Ustinov 1997) ; lower energy cuto † of the nonthermal electron beams ; and so on. For simplicity, we use "" cuto † ÏÏ to represent not only a sharp cuto † but also some turning over.
In this paper, we concentrate on the broken-down hard X-ray spectra and try to explain them by using a power-law electron beam with a lower energy cuto †. As a matter of fact, it seems to be qualitatively well known that the cuto † in the electron spectrum can produce relatively Ñat hard X-ray spectra below the cuto † (e.g., Kane et al. 1980 ; Dennis 1988 ). The fact that the hard X-ray break energy v b is smaller than the electron lower energy cuto † seems E c also to be qualitatively known (e.g., Nitta, Dennis, & Kiplinger 1990 ; McTiernan 1996 ; Gan 1998a) . But, to our knowledge, we have not seen even detailed quantitative studies, especially on how to determine the lower energy cuto † from the observations. Usually, one assumes the cuto † to be 20 or 25 keV in practice and does not derive it from the observations. Considering that the lower energy cuto † of nonthermal electrons is an extremely important parameter in evaluating the total energy carried by nonthermal electrons, it is therefore very important to establish a quantitative method by which can be directly derived E c from the observations. In°2 we describe our calculations and show some useful theoretical results. The comparison with the hard X-ray events observed with BATSE on the Compton Gamma Ray Observatory (CGRO) is made in°3. Some discussion and conclusions are given in the last two sections.
CALCULATIONAL RESULTS
For a thick-target interaction, according to Brown (1971) and Tandberg-Hanssen & Emslie (1988) , the bremsstrahlung hard X-ray Ñux (for deka-keV energies) observed at Earth, resulting from the injection of a beam of nonthermal electrons with a di †erential energy spectrum F(E 0 ) (electrons cm~2 s~1 keV~1), can be approximately expressed as
Taking we have the following well-known
i.e., a power-law energy spectrum of electrons results also in a power-law energy spectrum of hard X-rays. From the observed hard X-rays, the parameters A and d can be easily inferred, and therefore the total electron Ñux and total energy Ñux above some reference energy can be deduced. E 1 However, when a power-law electron spectrum has a lower energy cuto †, the situation is di †erent. Here we consider two cases : case 1 has a sharp cuto †
and case 2 is in a saturation form
Putting equations (3) and (4) into equation (1), we get, respectively,
where and For a given in the (3) or (4), we can use the corresponding equation (5) or (6) to calculate its produced hard X-ray spectrum. Figure 1 shows the hard X-ray spectra emitted by a beam of power-law electrons with a sharp lower energy cuto †. It can be seen that there is a Ñattening below the E c , and the degree of Ñattening depends on the spectral index d. We did not show the hard X-ray spectra emitted by elec-FIG. 1.ÈCalculated hard X-ray spectra emitted by a beam of powerlaw electrons with a sharp lower energy cuto †.
trons with the energy spectrum of case 2 because the results look similar to case 1, though the Ñattening toward the lower energies for case 2 is a little weaker than for case 1. The spectra shown in Figure 1 can be Ðtted with a double power law of the form
where The condition denotes the so- Dulk et al. (1992) . We use equation (7) tening toward the lower energies can be explained as a power-law electron beam with a lower energy cuto †. Then from Figure 3 , one can obtain the lower energy cuto † E c .
APPLICATIONS TO BATSE/CGRO EVENTS
In order to compare the observations with the curves in Figure 2 , we consider BATSE/CGRO hard X-ray events. We limited the scanned events to those observed from 2000 March 1 to April 30. Only perfect single-peak events in their light curves were selected, in order to exclude (we hope) the possible e †ects of multiple sources on the spectrum. That is, in our samples, there is only a single source or a single acceleration region playing a role in the Ñare. In such events, the hard X-ray spectrum would properly reÑect the spectrum of a beam of nonthermal electrons. Another criterion for selection was that the count rate be moderate, not larger than 5]104 s~1, where the pileup e †ect may appear, and not too small to cover enough energy channels. Finally, 14 Ñares were selected. We analyzed the data with the standard code SPEX in SSW (SolarSoftWare). Table 1 lists these Ñares and the Ðtted parameters with the two powerlaw spectra. For each Ñare, we Ðtted the spectrum only at the time of peak Ñux. The results, listed in Table 1 , show that for all 14 events, the spectra are in a broken-down form. This feature is consistent with the results obtained by Dulk et al. (1992) , who used the HXRBS/SMM data. Figure  4 shows one example of our samples. When we insert the derived and with error bars into Figure 2 , it is evident c 1 c 2 that some events match perfectly to the curve of case 2, while others are close to that of case 1. These results demonstrate strongly that the Ñattening of the observed hard X-rays toward lower energies can be mostly explained by a power-law beam of electrons with a sharp cuto † or a Ñux saturation below a certain energy.
DISCUSSION
Among the observational points in Figure 2 , besides those that are close to cases 1 and 2, there are still three events (Nos. 2, 6, and 11 in Table 1 ) that have an obvious deviation from the curves. It is easy to understand the two points above the curve of case 2 if the nonthermal electrons also present a broken-down form, rather than a saturation form. We should note, however, that such a case, which has a steeper X-ray emission than in the saturation form below is not very common (only two in 14). In addition, we E c , also note that the spectral indices of these two events are the greatest in our samples. These characteristics probably imply that with increasing spectral indices, the brokendown power-law electron beams may be more suitable than the power-law electron beams with a cuto † to describing the observed broken-down hard X-ray spectra.
It is hard to understand the event below the curve of case 1 in Figure 2 (No. 11) since, in principle, the nonthermal power-law electron beams with a sharp lower energy cuto † sets a lower limit for hard X-ray emissions below How E c . to explain event 11 in Figure 2 needs to be further studied.
The other 11 events in Figure 2 are close to the curves of either case 1 or case 2. Consequently, we use the curves in Figure 3 to estimate for each event. The results are listed E c in Table 1 . It is surprising that the values of are much E c higher than the usually accepted 20 keV ! On average, is E c about 76.4 keV. This value is just consistent with that obtained by Gan (1998a) , who analyzed with another method a major solar Ñare observed with SMM. Because the energy carried by electrons below has at maximum E c about a factor of 2 e †ect on the total energy content above we consider only the total energy above Relative to E c , E c . the total energy above 20 keV the total energy above (' 20 ), can be expressed as
Taking an \5.36 ) and averaged (\76.4 keV), we obtain E c If we use a single power law, as usual, to ' Ec /' 20 \ 0.011. estimate the for these 11 events varies from ' 20 , ' Ec /' 20 0.018 to 0.112. Therefore, we can conservatively say that the total energy carried by nonthermal electrons in the Ñares studied is from 1 to 2 orders of magnitude lower than that derived by assuming keV. This result conÑicts with E c \ 20 the standard scenario of a solar Ñare, in which the total energy carried by nonthermal electrons is thought to be substantial (e.g., Lin & Hudson 1976 ; Gan & Fang 1990 ; Hudson & Ryan 1995) . In fact, at present there already exists a dispute on the roles between the protons and electrons in powering a solar Ñare (e.g., Ramaty et al. 1995 ; Simnett 1995 ; Gan 1998b) . Our results here seem to demonstrate that the role of electrons in powering a solar Ñare might not be so important in the events studied.
Certainly, the consistency between the calculations and observations in Figure 2 provides only a viable explanation that the observed hard X-ray Ñattening toward the lower energies could result from a beam of power-law electrons with a lower energy cuto †. We do not exclude other possibilities, such as those mentioned in°1. Nevertheless, the good consistency in Figure 2 does not seem to be accidental. Another notable point is that the broken-down spectra at around 20 keV or lower do not appear in our samples, which does not mean that they do not exist. On the contrary, a large number of previous observations showed steep, single power-law spectra down to low energies. Relative to the majority of Ñare events, then, our results here seem not to be entirely representative, although the higher values of hard X-ray broken-down energy were also shown by Winglee et al. (1991) and Dulk et al. (1992) . More Ñare events are obviously necessary for a statistical study.
CONCLUSIONS
We have computed the bremsstrahlung hard X-ray spectra emitted by a power-law spectrum of nonthermal electrons with a lower energy cuto †. We compare the calculational results with 14 BATSE/CGRO hard X-ray events that show a single peak in their light curves. The calculated hard X-ray spectra present a broken-down form that is similar to the observed hard X-ray spectra at the time of peak Ñux for the 14 events studied. The quantitative comparisons between the calculations and observations lead to the following two important conclusions :
1. The observed broken-down hard X-ray spectra can be mostly explained by a power-law electron beam with a lower energy cuto †.
2. The derived lower energy cuto † of nonthermal electrons, ranging from 47 to 141 keV in our samples, is on average 76.4 keV. The total energy carried by electrons is therefore at least 1 order of magnitude lower than that derived by taking keV, implying an energy shortage E c \ 20 of electrons in the events studied.
The facts in this paper are clear. But the results may be slightly inÑuenced by the simpliÐed equation (1), whose approximation becomes worse if the energy of the electrons is greater than 100 keV. We plan to use an advanced Monte Carlo code, such as GEANT 4, released recently by CERN, to calculate solar Ñare X-rays in order to reliably extend our results to higher energies. On the other hand, the energy resolution of BATSE is still lower, which may cause some errors in determining Higher energy resolution observ b . vations, such as will be obtained by HESSI (Lin 2000) , are thus highly desirable to check the results in this paper. In addition, our conclusions are based only on a very small sample of Ñares. A statistical study is particularly meaningful in the future. At the very least, we have provided new evidence that nonthermal electrons may play an unimportant role in powering a few impulsive Ñares. The appropriate acceleration mechanism has to explain the power-law spectrum of electrons with so high a lower energy cuto †.
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